ABSTRACT The purpose of the present experiments was to compare the effects of the intermittent lighting schedule (IL) consisting of repeated cycles of 1 h light (L):3 h darkness (D) with a nearly continuous lighting schedule 23L:1D (CL) on the performance of floor-reared male and female broiler chickens. In addition, N balance trials were performed on caged broilers in order to assess their efficiency of dietary N retention.
INTRODUCTION
It is a common practice to rear broiler chickens in (nearly) continuous illumination, because it is assumed that under these lighting conditions, feed consumption is maximal and hence so too is growth rate. However, several studies have shown that alternative lighting programs such as increasing photoperiod lighting systems improve broiler performance and reduce the occurrence of leg problems and mortality due to sudden death syndrome or other causes (Classen and Riddell, 1989; Blair et al, 1993) . In addition, certain intermittent lighting schedules consisting of repeated light (L):dark (D) cycles, e.g., 1L:2D or 1L:3D, have also been found to improve broiler performance (for a review, see Buyse et al, 1994a) . In summary, most authors reported a higher final body weight with intermittent lighting than with continuous lighting; whereas the effect of the imposed lighting schedule on (abdominal) fat content was not consistent among published results. Differences in endogenous (genotype and sex) as well as exogenous (feeder space, dietary composition, stocking density, and light intensity) factors may account for these apparent by 41 d of age. Imposing IL reduced feed intake and improved feed conversion. Abdominal fat pad contents of broilers reared under IL were significantly smaller than those of CL broilers. From the N balance trials, it can be inferred that broilers reared under IL have an improved efficiency of dietary N retention, especially during the period of increased growth velocity.
Imposing IL at Day 7 is associated with a temporary reduction in BW gain, followed by complete growth compensation of males by Day 41. Female broilers did not restore BW by this age. As a consequence of the altered growth trajectory, the manifestation of the fat growth wave is shifted to an older age together with an enhanced efficiency of N retention.
1996 Poultry Science 75:589-594 discrepancies. In contrast, all papers reported an improvement in feed conversion with intermittent lighting compared with continuous lighting. Additional favorable effects of imposing intermittent lighting schedules can be found in the reduction of electricity costs (Andrews and Zimmerman, 1989) , and a lower incidence of leg problems (Buckland et al, 1973; Renden et ah, 1991) .
The purpose of the present study was to examine the performance, efficiency of dietary protein retention, and circulating hormone concentrations of male and female broiler chickens reared separately under an 1L:3D intermittent lighting schedule or under a near continuous illumination schedule 23L:1D. Data on endocrine variables are reported in a separate paper (Kuhn et al, 1996) .
MATERIALS AND METHODS

Experiments 1, 2, and 3
Experimental Design. One hundred and fifty male and 150 female broiler chicks (Ross) were obtained at dayold from a commercial hatchery, and placed in five floor pens (1.0 x 0.8 m), sexes separately (30 chicks per pen). All chicks were vaccinated against infectious bronchitis and (Key words: lighting schedule, growth trajectory, feed conversion, fat content, nitrogen retention) 589 Newcastle disease. Each pen contained two drinking nipples with cups, and a 0.8-m feeder trough. Wood shavings were used as litter. The lighting schedule provided 23 h light/d (23L:1D, CL). Temperature was set initially at 35 C and gradually reduced with 1 C/2 d until 22 C was reached. A commercial broiler mash containing 3,300 kcal/kg and 23% CP and water were provided for ad libitum consumption throughout the experiment.
At 7 d of age, chicks were randomly distributed over two light-proof, temperature-controlled rooms each containing 10 floor pens (5 pens per sex, 15 chicks per pen). In one room, the 23L:1D lighting schedule was maintained, whereas in the other, the intermittent lighting schedule (IL) consisting of 1L:3D cycles, repeated six times daily, was imposed. All chickens were subjected to a light intensity of 20 lx at bird height. This experiment was repeated twice in identical conditions, except that lighting schedules were changed between rooms. Starting dates were September 15, November 28, and December 18,1993 for Experiments 1, 2, and 3, respectively.
Measurements. From Day 7 onwards, and repeated weekly, chickens were weighed on a pen basis and weekly feed intake per pen determined. In Experiment 2, and 3, only four pens per lighting schedule and sex were followed. Chickens from Pen 5 were used for the nitrogen balance trials. Feed conversion was calculated on a pen basis. Mortality was recorded daily. At Days 21 and 35, a blood sample was collected from a wing vein from 10 randomly chosen chickens per lighting schedule and sex combination by using a heparinized syringe. Blood samples were centrifuged and plasma stored frozen until assayed for growth hormone (GH), insulin-like growth factor-I, thyroxine, triiodothyronine, and testosterone content. At Days 14,28, and 41, five chickens per treatment were chosen randomly, transported to another room, weighed, stunned, and killed by exsanguination. A blood sample was collected into a heparinized tube. The abdominal fat pad and the liver were removed, and weighed. A piece of the liver was snap frozen on dry ice for later determination of GH receptor characteristics, and for Type I and Type III deiodinase activity. At these ages, five additional chickens of each treatment were bled by using a heparinized syringe. Blood samples were processed as indicated above. Data on endocrine measurements are reported in a separate paper (Ktihn et ah, 1996) . For IL chickens, all measurements were done during the second half of the light period of one light:dark cycle.
Nitrogen Balance Trials
From 3 wk of age onward (Experiment 2), 10 male and 8 female chickens from the continuous lighting treatment were divided by sex in pairs into nine wire cages (0.3 x 0.4 x 0.4 m). Each cage was equipped with a 0.3-m feeder trough and one drinking nipple. The same feed as provided to the floor-reared chickens was presented for ad libitum consumption. After 3 d of adaptation, chickens were weighed in pairs and feed intake monitored for 4 consecutive d. After the 4-d balance trial, chickens were again weighed in pairs. Excreta (feces and urine) were collected quantitatively at least once a day in order to avoid N losses. Wet excreta were stored frozen for later determination of dry matter (DM) and N content. At 4 and 5 wk of age, the same experimental protocol was repeated with, respectively, IL and again CL chickens. The balance trials were repeated during Experiment 3 with agematched chickens obtained from that lighting program not used in Experiment 2. After thawing, excreta were homogenized and three subsamples were dried in a vacuum oven to a constant weight. Three other wet samples were analyzed for N content by the Kjeldahl procedure.
Statistical Analysis
Combined response variable data from Experiments 1, 2, and 3 were analyzed by ANOVA (SAS Institute, 1986) within age with lighting treatment and sex as classification variables. Pen means were used as experimental units. Data from the N balance trials were also analyzed by ANOVA with age, lighting schedule, and sex as classification variables. Statistical significance was accepted when P < 0.05, but when relevant, P values between 0.05 and 0.1 are also indicated but interpreted as such.
RESULTS
Experiments 1, 2, and 3
Data on BW and absolute BW gains are summarized in Table 1 . Changing from CL to IL at Day 7 depressed BW of both sexes at 14 d of age. At 4 wk of age, BW of IL chickens were still lower than those of their CL counterparts. The initial growth-depressive effect of imposing IL was also reflected in the difference in absolute BW gains between Days 7 and 14. During the period from Days 14 to 28, no significant main effects or interactions on BW gains were discerned. In contrast, during the subsequent period, growth rates of females were lower than those of males (P < 0.0001). In addition, a significant interaction (P < 0.05) between light treatment and sex was observed, as growth rates of IL males were significantly higher than those of their CL counterparts, whereas for females, no differences in growth rate according to lighting schedule were found. As a consequence, there were no differences in slaughter weight between IL and CL male broilers at Day 41. At this age, BW of IL female broilers remained, although not statistically significant, lower than that of their CL counterparts. Body weight at 41 d of CL males and females, and of IL males and females averaged 1,763 + 55 (SE) g, 1,658 ± 46 g, 1,778 ± 34 g, and 1,543 + 33 g, respectively.
A significant main effect of light treatment on feed intake was observed for all growth periods (Table 2) . This resulted in a significantly reduced cumulative feed intake of broilers reared under the 1L:3D lighting schedule (P < 0.0001). Sex differences in feed intake were present for most all periods except for the 1st wk after imposing IL. During the period from Day 28 to 41, the feed conversion of IL broilers was markedly improved over that of their CL counterparts (Table 2 ). An overall effect of the imposed lighting program on cumulative feed conversion was not statistically discernable at the 5% level (P = 0.065). Significant sex differences in feed conversion were observed from 4 wk of age onward. Overall mortality was low (1.3%) and not affected by the lighting schedule or sex.
Data on BW and abdominal fat pad weights from chickens euthanatized at biweekly intervals are presented in Table 3 . At 2 wk of age, the IL treatment significantly depressed BW. At this age, no differences in absolute or proportional abdominal fat pad weight according to lighting treatment or sex were observed. At Day 28, CL broilers were heavier than IL broilers (P < 0.001) and males were heavier than females (P < 0.01). Abdominal fat pad weights of both male and female broilers were significantly reduced by imposing the intermittent lighting schedule (P < 0.001). When expressed on a BW basis, the proportional abdominal fat pad weight of IL broilers remained lower than that of their CL counterparts (P < 0.001). Females had, on average, a higher abdominal fat content compared to males (P = 0.051). At Day 41, there was no main effect of light treatment on BW; males were significantly heavier than females (P < 0.001). A nearly significant effect of lighting treatment (P = 0.063) on absolute abdominal fat pad weight was observed. Imposing the IL:3D lighting schedule significantly depressed abdominal fat pad content. Sex differences in abdominal fat pad content were also present at this age.
Nitrogen Balance Trials
Data on the performance and efficiency of dietary N retention of the caged broilers are presented in Tables 4  and 5 . There were no significant effects of lighting schedule or sex on absolute BW gains during the balance trials. The absence of statistically significant differences was due to the low number of observations per treatment. Also, the 4-d feed intake of the IL broilers was on average lower. A significantly lower feed intake was observed for females than for males during the balance trial from Day 32 to 35. Feed conversion was not affected significantly by lighting schedule or sex. The amount of N excreted per gram of BW gain was on average lower for IL chickens, but a significant effect of lighting schedule was only calculated for the balance trial from Day 39 to 42 (Table 5) . When data were pooled over age, significant (P < 0.002) lower values for IL broilers were observed. The amount of N excreted per gram of BW gain increased significantly with age (P < 0.0001), but to a lesser extent for IL broilers, as can be inferred from the nonsignificant age by lighting schedule interaction (P = 0.063). Nitrogen intake per gram of BW gain was not influenced by lighting schedule or sex, and increased significantly with age (data not shown). When data were pooled over age, the efficiency of dietary N retention was significantly (P < 0.01) improved by the 1L:3D lighting schedule. This result was especially the case during the balance trial from Day 39 to 42. Dry matter digestibility was not influenced by age, lighting schedule, or sex.
DISCUSSION
Changing from CL to IL at 7 d of age was followed by a (transient) reduction in feed intake and in absolute BW gain. This initial growth-depressive effect of imposing a restricted lighting program was also explicitly observed in other studies (e.g., Goodman, 1978; Cave et al, 1985; Renden et al, 1991; Buyse et al, 1994a,b) . Subsequently, male broilers reared under IL manifested compensatory growth in such a way that at slaughter age (Day 41), a similar BW as that of CL males was attained. In contrast, IL females did not manifest compensatory growth to the same extent as their male counterparts. This sex- Values are means of 8 to 10 bird-pairs (4 to 5 bird-pairs per lighting schedule and sex combination; pooled data from two experiments). Values are means of 8 to 10 bird-pairs (4 to 5 bird-pairs per lighting schedule and sex combination; pooled data from two experiments).
dependent capability to express catch-up growth was also noticed by Cherry et al. (1978) . However, in previous studies (Buyse et al, 1994a) , a significantly heavier BW of female broilers reared under 1L:3D than that of CL females was observed at 47 or 49 d of age. It is therefore hypothesized that female broilers need a longer time to manifest complete compensatory growth than male broilers. In addition, genotype by lighting interactions with respect to slaughter weight have also been observed (Cave et al., 1985) . It is likely that the sexual dimorphism for compensatory growth might also be dependent on the broiler strain. Imposing intermittent lighting significantly reduced the abdominal fat pad content at 28 and 41 d of age. It can be inferred that the onset of the growth wave of fat deposition is postponed as a consequence of the altered growth trajectory due to imposing IL at young age. However, it must be recognized that the onset of the fat growth wave is only postponed temporarily, as differences in fat content disappeared when IL chickens attain a heavier BW (Buyse et al, 1994b) . Plavnik and Hurwitz (1985) and Plavnik et al. (1986) also observed a reduction in abdominal fat pad content of broiler chickens that were temporarily restricted in energy intake to maintenance level at young age. Subsequent studies have shown that this reduction in fat pad size was attributable to a reduction in adipocyte number, but not in adipocyte size (Cartwright et al, 1986) . The same phenomenon may also be the case here. Females deposited proportionally more abdominal fat than males during the last growth stage. Their higher propensity for fat deposition is considered to be, at least partially, responsible for their less efficient feed conversion and their slower growth rate compared with males. The literature is not consistent with respect to the effect of intermittent lighting on fat deposition. Sex of the bird and final BW may account for these discrepancies.
Based on the data from the N balance trials, it can be inferred that chickens reared under intermittent lighting have a more efficient N retention. This result is in accordance with a previous study in which it was found that 1L:3D chickens were more efficient in retaining dietary N, and deposited less fat, resulting in a higher protein:fat ratio (Buyse et al., 1994b) . The improved N efficiency was due to reduced N excretion, as N intake per gram of BW gain was not different between lighting programs. The enhanced efficiency of dietary N retention and augmented protein deposition of IL broilers, especially during the phase of compensatory growth, can be attributed to their higher circulating GH and insulin-like growth factor-I concentrations (Ktlhn et al, 1996) . As a consequence of improved feed conversion and efficiency of N retention, it can be concluded that this alternative lighting schedule may alleviate environmental pollution, due to reduced N emission. Furthermore, Clarke et al (1993) have found that Nicholas commercial male turkeys can be fed dietary protein at 90% of control levels when reared under IL without negatively affecting performance. An IL effect for broiler chickens must yet be proven.
The literature is very consistent with respect to the favorable effects of IL on feed conversion. This improved feed conversion of IL broilers can be attributed to several factors. The more concave growth curve of IL birds implies that the cumulative needs for maintenance will be lower than that of CL birds. In addition, the reduced fat deposition, especially in males, also contributes to the improved feed conversion. Also, because physical activity is very low during darkness, and energy expenditure for activity is considerable (Wenk and van Es, 1976) , a reduction in physical activity with IL may also contribute to enhanced production efficiency.
In conclusion, imposing the intermittent lighting schedule 1L:3D at Day 7 is associated with a temporary reduction in BW gain, followed by complete growth compensation by 41 d of age for male broilers. Female broilers do not manifest compensatory growth by Day 41, but this effect may be dependent on the broiler strain. As a consequence of the altered growth trajectory, the manifestation of rapid fat growth is shifted to a later age together with an enhanced efficiency of dietary N retention.
